Abstract. Non-small cell lung cancer (NSCLC) is a type of lung cancer which has a high mortality and low survival rate. Previous studies have revealed that long non-coding RNAs participate in tumorigenesis and metastasis in NSCLC. In the present study, the function of small nucleolar RNA host gene 12 (SNHG12) was investigated in NSCLC. Using reverse transcription-quantitative polymerase chain reaction analysis, it was identified that SNHG12 was significantly overexpressed in NSCLC specimens. Furthermore, overexpression of SNHG12 was identified to be associated with tumor progression and poor overall survival rates. Knockdown of SNHG12 in NSCLC cells could effectively induce cell apoptosis and suppress cell viability, proliferation, migration and invasion via inhibition of the epithelial-mesenchymal transition process. Furthermore, a direct interaction between microRNA (miR)-218 and the binding site of SNHG12 was identified. SNHG12 acted as an endogenous sponge for miR-218. Knockdown of SNHG12 upregulated the expression level of miR-218 as well as downregulating the Slug/zinc finger E-box-binding homeobox 2 EMT signaling pathway, and thus inhibited cell migration and invasion. Therefore, SNHG12 may serve as a key biomarker and a potential therapeutic target for the treatment of NSCLC.
Introduction
Lung cancer, which results in an estimated 1.59 million mortalities worldwide annually is one of the most frequent malignancies (1) . Non-small cell lung cancer (NSCLC), which exhibits high mortality and a low 5-year survival rate, accounts for between 80 and 85% of lung cancer cases (2) (3) (4) .
At present, cisplatin-, paclitaxel-and gefitinib-based chemotherapies are widely used as the first-line chemotherapy for advanced NSCLC (5) . However, differences in the therapeutic effect among individuals and the development of multidrug resistance present challenges to successful chemotherapy in clinical application (6) (7) (8) . More seriously, invasion and metastasis, which account for the principal causes of mortality in patients with cancer, are common in NSCLC following initial diagnosis (9, 10) . Therefore, further elucidation of the molecular mechanisms underlying tumorigenesis, invasion and metastasis is required to develop an efficient strategy for the therapy of NSCLC.
Long non-coding RNAs (lncRNAs) are a class of non-coding RNA molecule which are >200 nt in length and participate in the regulation of gene expression (11) . Previous studies have demonstrated that lncRNAs were able to regulate various biological progresses such as tumorigenesis, differentiation and inflammation (12, 13) . In addition, overexpression or downregulation of lncRNAs is associated with processes in tumors including proliferation, apoptosis, invasion and metastasis in numerous types of cancer (14, 15) . For example, lncRNA metastasis-associated lung adenocarcinoma transcript 1, which was overexpressed in various cancer cells, was identified as a key regulator of cell proliferation and the cell cycle (16) . Additionally, it has been reported that the small nucleolar RNA host gene 12 (SNHG12) lncRNA enhances cell proliferation, invasion and migration by increasing the angiomotin gene expression level in human osteosarcoma (17) . However, the biological function and mechanism of SNHG12 in NSCLC remain unknown. Previous studies have indicated that all RNA transcripts that possess microRNA-binding sites are able to interact with each other and regulate expression levels, suggesting interactions between microRNAs and lncRNAs in tumorigenesis (18) (19) (20) (21) (22) .
In the present study, the expression level and function were investigated in NSCLC, and it was identified that SNHG12 was markedly overexpressed in NSCLC tissues and was associated with poor prognosis and survival of patients with NSCLC. Furthermore, further mechanical analysis revealed that SNHG12 suppresses NSCLC cell proliferation, invasion and migration by targeting microRNA-218 (miR-218) and then influences the Slug/zinc finger E-box-binding homeobox 2 (ZEB2) signaling pathway.
Patients and methods
Tissue specimens and cell lines. In total, 40 NSCLC tissue samples and adjacent normal tissue samples (3x2x1 cm) were obtained from patients with NSCLC who were undergoing surgery and without radiotherapy or chemotherapy. The patients' sex distribution (male, n=21; female, n=19) and age distribution in years (≥60, n=18; <60, n=22; range, 28-77; mean ± standard deviation, 58.88±12.65) were recorded. The present study was approved by the Ethic Review Committees of The Affiliated Hospital of Hebei University (Baoding, China) and written informed consent was obtained from all patients. A 48-month follow-up survival survey based on the medical records of the patients was performed. Overall survival (OS) time was defined as the interval between resection and mortality or the last follow-up visit. Pathological evaluations of tissues were performed by pathologists at the Department of Pathology of The Affiliated Hospital of Hebei University. The tissues obtained were stored at -80˚C until further use.
NSCLC cell lines A549 (cat. no. CCL-185) and H1299 (cat. no. CRL-5803) were purchased from the American Type Culture Collection (Manassas, VA, USA) were cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and antibiotics at 37˚C in a humidified atmosphere containing 5% CO 2 .
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. Total RNA was obtained from tumor tissue samples or cells using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. RT was performed using a TaqMan™ MicroRNA Reverse Transcription kit (cat. no. 4366596; Thermo Fisher Scientific, Inc.). qPCR was performed using IQ SYBR-Green Supermix (Bio-Rad Laboratories, Inc., Hercules, CA, USA) on an iCycler IQ Multi-Color Detection system (Bio-Rad Laboratories, Inc.). The thermocycling conditions for PCR were as follows: 95˚C for 30 sec; 40 cycles of 95˚C for 5 sec and 60˚C for 34 sec; followed by dissociation. Stem-loop primers used to detect microRNAs were purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). U6 small nucleolar RNA and GAPDH were used for normalization. Primers sequences were as follows: SNHG12, 5'-TCT GGT GAT CGA GGA CTT CC-3' (forward) and 5'-ACC TCC TCA GTA TCA CAC ACT-3' (reverse); human (hsa)-miR-218, 5'-GGA GTG GCG AAT GGT AGT GGA GT-3' (forward) and 5'-ACC AGG CTG GAC AGT AGA GCG-3' (reverse); GAPDH, 5'-TCT CTG CTC CTC CTG TTC-3' (forward) and 5'-GGT TGA GCA CAG GGT ACT TTA TTG A-3' (reverse); and U6, 5'-CTC GCT TCG GCA GCA CA-3' (forward) and 5'-AAC GCT TCA CGA ATT TGC GT-3' (reverse). Relative expression levels of RNA were calculated using the 2 -ΔΔCq method (23) with CFX Manager software (version 3.1; Bio-Rad Laboratories, Inc.).
In situ hybridization (ISH).
ISH was used to detect SNHG12 in 40 paired NSCLC and adjacent normal samples. A digoxigenin (DIG)-UTP-labeled antisense RNA probe (Beijing View Solid Biotechnology, Beijing, China) which was derived from nucleotides 28-257 of the SNHG12 coding sequence was obtained by in vitro transcription using a DIG RNA Labeling kit (Roche Diagnostics, Basel, Switzerland). The sense RNA probe derived from nucleotides 28-257 of the SNHG12 coding sequence was labeled with DIG-UTP and used as a negative control. ISH was performed using the ISH kit (Boster Biological Technology, Pleasanton, CA, USA), according to the manufacturer's protocol.
Cell transfection. The plasmid for SNHG12 inhibitor (SNHG12-inhi) and the plasmid for hsa-miR-218 mimic (miR-218-mimic) were constructed by OBiO Technology (Shanghai) Corp., Ltd. (Shanghai, China). SNHG12-inhi or miR-218-mimic was transfected into A549 and H1299 cells using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol.
Cell viability analysis. Cell viability was determined using an MTT assay. First, A549 and H1299 cells were seeded into a 96-well plate at a density of 2,000 cells/well. After 12 h incubation at 37˚C, cells were transfected with SNHG12-inhi or negative control-inhi (NC-inhi; OBiO Technology (Shanghai) Corp., Ltd.). At various times (24, 48, 72 and 96 h), cells from each well were treated with 20 µl MTT solution (5 mg/ml; Amresco, LLC, Solon, OH, USA). Following incubation for 4 h at 37˚C, 200 µl dimethylsulfoxide was added to each well to dissolve the precipitated formazan product. Finally, the absorbance of each well was determined at 570 nm. All experiments were performed three times.
Colony formation assay. Cells were seeded in a 6-well plate at a density of 500 cells/well and incubated for 12 h at 37˚C. Following transfection with SNHG12-inhi or NC-inhi, cells were incubated for a further 6-8 days. Finally, cells were washed with PBS, fixed with 4% paraformaldehyde for 10 min at 25˚C and stained with 0.1% crystal violet for 30 min at room temperature, and images were captured. Colonies were counted by eye and colonies containing ≥50 cells were scored.
Cell apoptosis evaluation. Cells were seeded in a 6-well plate and transfected with SNHG12-inhi or NC-inhi. Cells were trypsinized, washed and collected for further staining. In total, 2x10 5 cells/well, suspended in 400 µl 1X binding buffer, were stained with 5 µl fluorescein isothiocyanate-Annexin V and 5 µl propidium iodide in the dark at room temperature for 15 min. Cells were analyzed immediately using flow cytometry (FACScan ® ; BD Biosciences, San Jose, CA, USA).
Transwell assay. Transwell chambers assays were used to determine cell migration and invasion. For the determination of cell migration, 4x10 4 cells suspended in 200 µl serum-free DMEM were seeded into the upper chamber. For cell invasion assessment, 200 µl cell suspension (1x10 5 cells, without serum) were added into the upper chamber which was pre-coated with Matrigel (BD Biosciences). The lower chamber was filled with 800 µl DMEM containing 10% FBS. Cells were incubated for 24-48 h at 37˚C. The non-invasive cells which remained in the upper chamber were removed with a cotton swab, whereas the invasive cells which were located in the bottom of membrane were fixed with methanol and stained with 0.1% crystal violet. Finally, images of invasive cells from each well were captured under a phase contrast microscope (CX43; Olympus Corporation, Tokyo, Japan) in three independent fields.
Wound healing assay. In total, 5x10 5 cells were seeded in a 6-well plate and incubated for 12 h at 37˚C. When the cell density reached ~90%, cells were scratched with a 10 µl pipette tip. Cells were washed with PBS to remove the free-floating cells and transfected with SNHG12-inhi or NC-inhi. Cells were incubated for a further 24 h at 37˚C in DMEM with 1% FBS and images were captured under an inverted light microscope (CKX53; Olympus, Japan) for migration analysis.
Western blot analysis. Cells were transfected with different plasmids (NC-inhi, SNHG12-inhi, miR-NC, miR-218-mimic) for 48 h at 37˚C and collected for total protein extraction. Total protein was obtained from the cells by lysing with radioimmunoprecipitation buffer (Beyotime Institute of Biotechnology, Haimen, China). The concentration of total protein was determined using a BCA protein assay kit (cat. no. 23225; Thermo Fisher Scientific, Inc.). The protein (20 µg) was separated by 10% SDS-PAGE and transferred onto polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA). Following blocking with 5% non-fat milk powder suspended in TBS containing 0.25% Tween-20 for 2 h at room temperature, membranes were incubated with primary antibodies against cleaved caspase 3 (cat. no. 9661) cleaved caspase 9 (cat. no. 52873), matrix metalloproteinase 9 (MMP-9; cat. no. 13667S), epithelial (E-) cadherin (cat. no. 14472), vimentin (cat. no. 5741), Slug (cat. no. 9585), ZEB2 (cat. no. 3396) and β-actin (cat. no. 3700; all Cell Signaling Technology, Inc., Danvers, MA, USA) at 4˚C for 8 h. The dilution for cleaved caspase-3, cleaved caspase-9, MMP-9, E-cadherin, vimentin, Slug and ZEB2 was 1:100, and the dilution for β-actin was 1:1,000. Subsequently, membranes were incubated further with horseradish peroxidase-labeled anti-rabbit IgG secondary antibodies (cat. no. 7047; 1:1,000; Cell Signaling Technology, Inc.) and protein bands were imaged and quantified using an enhanced chemiluminescence detection system. Du al-luciferase assay. I n tota l, 50 genes were simultaneously predicted by the miRcode database (http://www.mircode.org/), and small nuclear RNA host gene 12 (SNHG12) was detected as a candidate gene associated with NSCLC based on its associated Gene Ontology (GO; http://www.geneontology.org/) terms and because it harbors miR-218 binding sites. The wild-type (WT) and mutant 3'-untranslated region of human SNHG12 were the amplified from human genomic DNA and individually cloned into the luciferase vector of pmiR-RB-REPORT™ [OBiO Technology (Shanghai) Corp., Ltd.]. A549 cells were co-transfected with 200 ng mutant or WT pmiR-RB-REPORT™-SNHG12 plasmid, and 100 ng miR-218-mimic or miR-NC plasmid using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. pRL-SV40 plasmid (Promega Corporation, Madison, WI, USA) carrying Renilla luciferase was also co-transfected into the cells for standardizing transfection efficiency. After 48 h, cells were collected for luciferase activity analysis using a Dual-Luciferase Reporter assay system (Promega Corporation), according to the manufacturer's protocol. The firefly luciferase activity was normalized to Renilla luciferase activity.
Statistical analysis.
All results are presented as the mean ± standard deviations. The statistical analysis was performed using SPSS software (version 17.0; SPSS, Inc., Chicago, IL, USA). The significance among groups was determined using one-way analysis of variance. Kaplan-Meier analysis was performed to compare overall survival rates based on the expression levels of SNHG12 in 40 patients with NSCLC. Survival curve was assessed by a log-rank test. The median level of SNHG12 was used as the cut-off values. Patients with HCC were divided into a high SNHG12 expression group and a low SNHG12 expression group. P<0.05 was considered to indicate a statistically significant difference.
Results and Discussion

SNHG12 is significantly overexpressed, and is markedly associated with progression and prognosis of NSCLC.
Previous studies have identified that lncRNA was regulated in a wide range of pathological processes such as tumorigenesis, cell death, invasion and inflammation, but also dysregulated in a number of types of cancer (24, 25) . To investigate whether there was a difference in SNHG12 expression between NSCLC tissues and adjacent normal tissues, RT-qPCR was used to determine the SNHG12 expression levels in 40 paired specimens. As presented in Fig. 1A and B, SNHG12 was significantly overexpressed in NSCLC tissues (P<0.01). Furthermore, an ISH assay was also performed to determine SNHG12 expression in tumor tissue sections and adjacent normal tissue sections. As presented in Fig. 1C , SNHG12, which was located in the cytoplasm, was markedly overexpressed in tumor tissue compared with normal tissue. In addition, the expression level of SNHG12 in advanced NSCLC (stage III, n=19) was significantly lower compared with that in early stages (stage I, n=21; P<0.01) (Fig. 1D) . Furthermore, for the purpose of determining the association between SNHG12 expression and OS rate, patients with NSCLC were divided into a high-expression group (n=23) and a low-expression group (n=17), according to the median expression level of all tumor tissues. Compared with the low-expression group, NSCLC patients from the high-expression group have a significantly lower OS rate (P=0.0351; Fig. 1E ). These results indicated that SNHG12 was overexpressed in NSCLC and may be associated with tumor progression and poor prognosis of NSCLC.
Knockdown of SNHG12 inhibits NSCLC cell proliferation and induces cell apoptosis.
In order to investigate the action of SNHG12 on NSCLC cell proliferation and apoptosis, A549 and H1299 cells were transfected with SNHG12-inhi and NC-inhi. An RT-qPCR assay was used to assess the effect of SNHG12 knockdown. As presented in Fig. 2A , the expression level of SNHG12 in A549 and H1299 cells was significantly downregulated following treatment with SNHG12-inhi (P<0.001), indicating that SNHG12 was successfully and effectively knocked down. Results of the MTT assay showed that the viability of A549 and H1299 cells was significantly decreased following knockdown of SNHG12 ( Fig. 2B and C; P<0.001). In addition, a colony-formation assay was performed to determine cell proliferation. As presented in Fig. 2D and E, compared with the control group, the colony-forming abilities of A549 and H1299 cells were significantly suppressed following knockdown of SNHG12 (P<0.001). Furthermore, cell apoptosis induced by knockdown of SNHG12 was also assessed. As presented in Fig. 2F , the apoptosis rate of A549 cells which was induced by SNHG12-inhi was 22.4±1.3%, which was significantly higher compared with that of the control group (4.2±0.9%; P<0.001). Compared with the control group (5.1±0.8%), apoptosis of H1299 cells which induced by SNHG12-inhi was 26.3±1.2% (P<0.001). To further elucidate the underlying molecular mechanisms of apoptosis induced by SNHG12, western blotting was used to investigate the caspase-mediated apoptotic pathway. As presented in Fig. 2G , knockdown of SNHG12 significantly enhanced expression of cleaved caspase 3 and cleaved caspase 9, indicating that knockdown of SNHG12 induced apoptosis through the caspase signaling pathway. These results indicated that downregulation of SNHG12 significantly suppressed proliferation and induced apoptosis in NSCLC cells.
Downregulation of SNHG12 strongly suppresses NSCLC cell migration and invasion by inhibiting the EMT process.
It was identified previously that SNHG12 participates in various biological processes including cell migration and invasion (26, 27) . Therefore, cell migration and invasion assays were used to investigate the function of SNHG12 in NSCLC cells. As presented in Fig. 3A , compared with control group, the numbers of migratory and invasive A549 and H1299 cells were significantly decreased in the SNHG12-inhi group (P<0.001). Additionally, the wound healing assay indicated that the mobility of A549 and H1299 cells treated with SNHG12-inhi was notably inhibited in comparison with the control group (P<0.001). These results indicated that knockdown of SNHG12 exhibited marked suppression of migration and invasion in NSCLC cells.
Furthermore, western blotting was performed to investigate further the anti-metastatic mechanism of SNHG12-inhi. MMPs are associated with the invasive behavior of tumor cells (28, 29) . As presented in Fig. 3B and C, the expression level of MMP-9 was decreased in A549 and H1299 cells following treatment with SNHG12-inhi. EMT has been identified to be an important process for tumor metastasis (30, 31) . As presented in Fig. 3B and C, when expression levels of SNHG12 in A549 and H1299 cells were downregulated by SNHG12-inhi, the expression level of the mesenchymal marker vimentin was decreased; in addition, the expression level of the epithelial marker E-cadherin was upregulated. Collectively, these results indicated that knockdown of SNHG12 could effectively inhibit metastasis in NSCLC cells.
SNHG12 interacts directly with miR-218 and serves as its sponge.
To further investigate the regulatory mechanism of SNHG12 in NSCLC cells, a bioinformatics prediction using miRcode software (www.mircode.org) was performed. Putative binding sites for miR-218 on SNHG12 were identified (Fig. 4A) . It was determined whether the expression level of miR-218 was regulated by SNHG12. As presented in Fig. 4B and C, expression levels of miR-218 in A549 and H1299 cells were significantly upregulated by treatment of SNHG12-inhi (P<0.001). To verify that overexpression of miR-218 was indeed directly regulated by SNHG12, a dual-luciferase reporter assay was performed. pmiR-RB-REPORT™-SN HG12-W T and pmiR-RB-REPORT™-SNHG12-MUT were respectively transfected into A549 cells together with miR-218-mimic or miR-NC. The results indicated that the luciferase activity of pmiR-RB-REPORT™-SNHG12-WT was significantly decreased by miR-218-mimic ( Fig. 4D ; P<0.0 01). In cont rast, the luciferase activity of pmiR-RB-REPORT™-SNHG12-MUT was not affected (Fig. 4D) . These results indicated interactions between miR-218 and the binding sites of SNHG12.
Knockdown of SNHG12 upregulates the expression level of miR-218, and suppresses NSCLC cells migration and invasion via the Slug/ZEB2 signaling pathway. As presented in Fig. 4B and C, knockdown of SNHG12 upregulated the expression level of miR-218 in A549 and H1299 cells. Knockdown of SNHG12 led to effective suppression of migration and invasion of NSCLC cells. Thus, we hypothesized that overexpression of miR-218 could also impair NSCLC cell migration and invasion. miR-218-mimic or miR-NC was transfected into A549 and H1299 cells, and cell migration, invasion and mobility of A549 and H1299 cells were identified to be significantly inhibited by treatment with miR-218-mimic, in comparison with the miR-NC group ( Fig. 5A; P<0 .001).
EMT is a progressive process in which epithelial cells gradually obtain a mesenchymal (fibroblast-like) cell phenotype, leading to increased metastasis and invasion (32) . It has been identified that EMT is associated with the progression of lung cancer towards metastasis and invasion (33) . Downregulation of E-cadherin is a hallmark of the EMT process, and transcription factors such as Slug, ZEB1 and Figure 5 . miR-218 regulates non-small cell lung cancer cell metastasis via the Slug/ZEB2 signaling pathway. (A) Migratory, invasive and mobility abilities in A549 and H1299 cells were assessed using Transwell chambers assays and wound healing assays following treatment with miR-218-mimic. (B) Endothelial-mesenchymal transition-associated proteins and key proteins in the Slug/ZEB2 signaling pathway were detected using western blot. *** P<0.001 vs. miR-NC. ZEB2, zinc finger E-box-binding homeobox 2; miR, microRNA; NC, negative control; MMP, matrix metalloproteinase; E-cadherin, epithelial cadherin.
ZEB2, which are regarded as regulators of E-cadherin, are the focus of investigation in tumor metastasis (34) (35) (36) . Therefore, western blot assays were used to investigate whether the suppression of metastasis by SNHG12/miR-218 involves the Slug/ZEB2 signaling pathway. As presented in Fig. 5B , the metastasis-associated protein MMP-9 in A549 and H1299 cells was downregulated following treatment with miR-218-mimic. When treated with miR-218-mimic, the expression level of the mesenchymal marker vimentin in A549 and H1299 cells was decreased. Furthermore, the expression level of E-cadherin, a transcriptional regulator of Slug and ZEB2, was upregulated following treatment with miR-218-mimic, resulting in suppression of EMT. These results implied that knockdown of SNHG12 promoted expression of miR-218 and inhibited cell migration and invasion via the Slug/ZEB2 EMT signaling pathway.
Conclusion.
In conclusion, the results of the present study indicated that SNHG12 was overexpressed in NSCLC, and is associated with tumor progression and poor prognosis. Knockdown of SNHG12 could directly increase the expression level of miR-218 and thus effectively suppressed NSCLC cell proliferation, migration and invasion by inhibiting the EMT process via the Slug/ZEB2 signaling pathway.
